Introduction {#Sec1}
============

Idiopathic pulmonary fibrosis (IPF), the most common form of interstitial pneumonia of unknown cause, is a chronic and progressive fibrotic process limited to the lung, occurring primarily in older adults, and associated with a histopathologic and radiologic pattern of a usual interstitial pneumonia (UIP). The diagnosis of IPF requires the exclusion of other forms of interstitial pneumonia, especially associated with occupational/environmental exposure, medication or systemic disease \[[@CR1]\].

Although the median survival is about 2.5--3.5 years from the time of diagnosis, there is high variability in the evolution of IPF from one patient to another, and between different periods in time in a given individual. Therefore, predicting the outcome in IPF is challenging. Major progress has been made in recent years, with particular efforts to identify patients with the highest risk of disease progression who might benefit the most from treatment interventions. Clinical phenotypes with different survival have been identified. Overall, a poorer prognosis is associated with older age (\>70 years), smoking history, low body mass index, severe physiological impairment, large radiological extent of disease and the presence of pulmonary hypertension \[[@CR2]\].

Patients with IPF generally have a relatively slow, but progressive clinical course and are often referred to a pulmonary specialist months to years after the onset of symptoms \[[@CR3]\]. At presentation, lung physiology displays a restrictive pattern, usually with a forced vital capacity (FVC) between 70 and 80 % of predicted values, with or without hypoxemia at rest, worsening during exercise. During the course of the disease, progression is often unpredictable: the decrease in FVC is often not linear from \~75 % (when diagnosis is made) to \~25 % of predicted values (an FVC lower than 25--30 % of predicted is invariably associated with death within weeks or months.) Besides the typical pattern of chronic progressive disease, a subgroup of patients, mainly male cigarette smokers, have a rapidly progressive course associated with shorter survival, known as accelerated IPF, despite similar presentation at the time of diagnosis \[[@CR4]\].

Patients with IPF may also experience acute respiratory deteriorations. Many of these acute declines are idiopathic, i.e. without identifiable causes (infections, left heart failure, pulmonary embolism, etc.). These episodes of idiopathic acute deterioration have been termed acute exacerbations (AE) of IPF \[[@CR5]\].

Both accelerated IPF and AE-IPF can occur successively in the same patient, suggesting that these different IPF phenotypes may represent an acceleration of the underlying fibroproliferative disorder.

In contrast to AE of asthma or chronic obstructive pulmonary disease, AE-IPF designates idiopathic acute worsening with progression of fibrosis. This article will review the definition, the pathophysiology and the clinical, diagnostic and therapeutic issues related to AE-IPF.

Definition {#Sec2}
==========

In 1993, Kondoh et al. \[[@CR6]\] described an acute clinical deterioration in three IPF patients in whom acute influenza-like symptoms, cough, fever, leukocytosis and progressive hypoxia developed in the absence of an identified infection. Histologic findings from open-lung biopsy showed both UIP and an organizing acute lung injury pattern.

More recently, Collard et al. \[[@CR5]\]---in a consensus statement aimed at giving a standard definition of AE-IPF---describe this event as an acute, clinically significant deterioration of unidentifiable cause in a patient with underlying IPF and distinct from acute respiratory worsening related to a known cause. Criteria for the consensus definition of AE-IPF are listed in Table [1](#Tab1){ref-type="table"}. As criteria may be lacking \[in patients with a clinical worsening for more than 30 days, or in patients in whom HRCT or bronchoalveolar lavage (BAL) has not been performed\], IPF patients with clinical worsening of unknown cause but not fulfilling all criteria should be considered as "suspected AE-IPF," an event that nevertheless is relevant in practice and possibly in clinical trials \[[@CR5]\].Table 1Diagnostic criteria of acute exacerbation of idiopathic pulmonary fibrosis \[[@CR5]\]Previous or concurrent diagnosis of idiopathic pulmonary fibrosis^a^Unexplained worsening or development of dyspneaHigh-resolution computed tomography with new bilateral ground glass abnormality or consolidation superimposed on a background reticular or honeycomb pattern consistent with usual interstitial pneumonia pattern^b^No evidence of pulmonary infection on endotracheal aspirate or bronchoalveolar lavage^c^Exclusion of alternative causes, including the following:- Left heart failure- Pulmonary embolism- Identifiable cause of acute lung injury^d^Patients with idiopathic clinical worsening who fail to meet all five criteria due to missing data should be termed "suspected acute exacerbations."^a^If the diagnosis of idiopathic pulmonary fibrosis has not been previously established according to American Thoracic Society/European Respiratory Society consensus criteria, this criterion can be met by the presence of radiologic or histopathologic changes consistent with usual interstitial pneumonia pattern on the current evaluation \[[@CR1]\]^b^If no previous high-resolution computed tomography is available, the qualifier ''new'' can be dropped^c^Evaluation of samples should include studies for routine bacterial organisms, opportunistic pathogens and common viral pathogens^d^Causes of acute lung injury include sepsis, aspiration, trauma, reperfusion pulmonary edema, pulmonary contusion, fat embolization, inhalational injury, cardiopulmonary bypass, drug toxicity, acute pancreatitis, transfusion of blood products and stem cell transplantation

Acute exacerbations are not restricted to IPF, but may also complicate the course of other interstitial lung diseases, including nonspecific interstitial pneumonia \[[@CR7]\], connective tissue diseases-related interstitial lung disease (mainly rheumatoid arthritis) \[[@CR8]\] and hypersensitivity pneumonitis \[[@CR9]\]. Acute worsening of sarcoidosis has been described \[[@CR10]\], but does not seem to be comparable to AE-IPF.

Pathophysiology {#Sec3}
===============

Triggers {#Sec4}
--------

Although AE-IPF is considered an idiopathic event, the finding of diffuse alveolar damage (DAD) suggests an acute injurious insult and a histological similarity with fibroproliferative ARDS. However, the presentation of some patients with fever, "flu-like" symptoms and neutrophilia in BAL fluid specimens plausibly implicates an unrecognized infectious etiology. Wootton et al. \[[@CR11]\] observed in 9 % of the patients with AE-IPF the presence of common respiratory viral infection (parainfluenza, rhinovirus, coronavirus); conversely, no viruses were detected in the BAL from stable patients. Furthermore, pan-viral microarrays reveal additional evidence of viral infection \[herpes simplex virus, Epstein--Barr virus and torque teno virus (TTV)\], in patients with AE-IPF. TTV infections are significantly more common in patients with acute exacerbation than stable controls, but present in a similar percentage of disease controls with acute lung injury. Deep sequencing of a subset of acute exacerbation cases confirms the presence of TTV, but does not identify additional viruses.

Furthermore, the detection of elevated pepsin levels in the BAL of AE-IPF patients suggests that aspiration could be responsible for the occurrence of AE-IPF in a subgroup of patients \[[@CR12]\]. Consistent with these results, treatment with proton pump inhibitor significantly reduces the incidence of AE-IPF \[[@CR13]\].

In another subgroup of patients, the occurrence of AE-IPF may be caused by the increased mechanical stress of the lungs that may be secondary to surgery (lung biopsies, lung resection or nonrespiratory surgery) or BAL. Prolonged mechanical ventilation, high tidal volume and high concentration of supplemental oxygen during surgery have been suggested as potential causes \[[@CR14]\]. A recent study indicates that ambient air pollution may also cause AE-IPF, particularly by ozone and nitrogen dioxide \[[@CR15]\]. Finally, some drugs may be responsible for the occurrence of AE-IPF, including biologic (anakinra, etanercept and infliximab) and nonbiologic (ambrisentan) agents and immunomodulatory (everolimus, interferon alpha and beta) and antineoplastic agents (both conventional chemotherapy and new drugs as tyrosine kinase inhibitors). All these potential causative drugs suggest that different causes or pathways may be responsible for the occurrence of AE-IPF in different patients.

Biological research {#Sec5}
-------------------

The molecular mechanisms related to this condition are also poorly known. Recent studies emphasize the role of immunologic regulation. It has been in fact shown that annexin 1 is an autoantigen able to induce both a humoral and cellular immunologic response in patients with AE-IPF, and that the N-terminal portion of annexin plays a role in the pathogenesis of this condition \[[@CR16]\].

Reduced expression of heat shock protein 47 (HSP47)---a collagen-specific molecular chaperone, essential for the synthesis and secretion of collagen molecules---correlates with reduced collagen production and fibrosis progression. Serum HSP47 levels are significantly higher in AE-IPF than in stable IPF, suggesting a role for this molecule in AE-IPF pathogenesis. Furthermore, HSP47 expression is greater in DAD than in UIP tissue \[[@CR17]\]. Consistent with these results, IPF patients with anti-HSP47 autoantibodies have more near-term lung function impairment and 6-month mortality compared to negative IPF patients.

In another study, α-defensins---a family of mammalian neutrophil peptides with various biological functions---are among the most up-regulated genes in AE-IPF in gene expression microarray analysis \[[@CR18]\]. Corresponding peripheral blood protein levels are elevated in patients with AE-IPF in the absence of infection. Furthermore, serum levels of the ST2 protein \[a member of the interleukin-1-receptor family expressed mainly in T-helper type-2 cells and induced by proinflammatory proteins such as tumor necrosis factor (TNF)-alpha and/or interleukin-1 beta\] are also significantly higher in patients with AE-IPF than in controls \[[@CR19]\].

However, as shown by Collard et al. \[[@CR20]\] in a study detecting the plasma biomarker profile of AE-IPF and comparing it to profiles of stable IPF and ARDS, AE-IPF is characterized by increased type II alveolar epithelial cell injury proliferation markers, such as Krebs von den Lunden (KL-6) and surfactant protein (SP)-D, endothelial cell injury markers (i.e., von Willebrand factor) and coagulation abnormalities, such as protein C, thrombomodulin or plasminogen activator inhibitor (PAI)-1. Interestingly, there is little evidence about the role of type 1 alveolar epithelial cell injury or substantial acute inflammation.

Incidence {#Sec6}
=========

The reported incidence of AE-IPF varies widely among studies, but it is now recognized as a relatively common event \[[@CR2]\]. Data from the placebo arms of large clinical trials find an incidence of AE-IPF of 6--16 % over a period of 1 year \[[@CR21]--[@CR23]\]. The incidence is lower (2.3 %) in another trial \[[@CR24]\].

In another randomized, controlled trial of anticoagulant therapy in IPF involving 56 patients followed for approximately 3 years, 32 (57 %) were re-hospitalized for AE-IPF, out of whom 53 % died \[[@CR25]\]. Of note, subjects were initially enrolled in this study during an admission to the hospital, suggesting that the study population was enriched for prior episodes of AE-IPF or rapidly progressive disease. The incidence of AE-IPF may vary greatly with the severity of disease, the delay since the diagnosis of IPF, diagnostic criteria used and efforts made to rule out infection. This is illustrated by data from a recent high-quality IPF trial, in which only about half the cases of acute deterioration suspected by investigators to be AE-IPF were eventually confirmed to be AE-IPF by an adjudication committee \[[@CR23]\].

Although data from trials are informative, participants are generally selected as having early rather than advanced disease, with possibly low progression of disease as compared to the general IPF population, therefore possibly underestimating the frequency of AE-IPF. Nevertheless, somewhat comparable results were obtained in a retrospective review of an observational cohort of 147 patients with biopsy-proven IPF, with 11 meeting the criteria for AE-IPF \[[@CR26]\]. The 2-year incidence of AEs is 9.6 %, and AE-IPF-related mortality is 78 %; the incidence of AE-IPF in this study with a biopsy-confirmed diagnosis of IPF may differ from those in which IPF was diagnosed without biopsy due to potential selection bias. The time from the first visit to the onset of AE-IPF ranges between 3 and 60 months. The retrospective design of this study may have underestimated the incidence rate, as 14 additional cases of acute worsening could not be included due to missing data. This south-Korean study suggests potential higher mortality in the Asian population compared to Caucasian patients, which might be linked to genetic susceptibility. Mortality may vary, however, with the diagnostic criteria used, the population studied, comorbidities, potential genetic factors and, most of all, the time at which mortality is assessed. Whether earlier diagnosis and management might improve outcome is unknown.

In a recent larger retrospective study of 461 patients with IPF (269 of which were biopsy proven) from the same group, the 1- and 3-year incidences of AE-IPF are 14.2 and 20.7 %, respectively \[[@CR27]\]. Using a different approach, Martinez et al. \[[@CR28]\] evaluated the clinical course of patients with mild to moderate IPF and found that an apparent acute clinical deterioration preceded death in 47 % of patients who died from IPF. Autopsy findings also show that AE are the most common immediate cause of death in patients with IPF \[[@CR29]\]. Collectively, these observations suggest that the incidence of AE-IPF may be underestimated in IPF clinical trials and may represent a significant proportion of lethal events.

Risk factors {#Sec7}
============

Several risk factors for AE-IPF have been identified. AE may occur at any time during the course of IPF, although they are more common in patients with more progressive disease such as those with decline in FVC at 6 months after baseline \[[@CR30]\]. There is no clear association with age. A smoking history may protect from AE-IPF \[[@CR27]\], although AE-IPF appear to be more common in males \[[@CR26]\], but data are conflicting regarding smoking. In one study, a comparison of clinical features between IPF patients with and without AE-IPF shows no difference in age, smoking status, oxygenation and lung function at the time of diagnosis \[[@CR26]\]. Ambient air pollution, particularly the increase in exposure to ozone and nitrogen dioxide emanating largely from motor vehicles, increases the risk of AE-IPF \[[@CR15]\]. Pulmonary hypertension at the time of evaluation for lung transplantation increases the risk of subsequent AE in IPF, likely through endothelial dysfunction \[[@CR31]\]. Data from several studies suggest seasonal variations in AE-IPF, with an increased frequency during winter months \[[@CR32]--[@CR34]\]. Patients with a history of AE-IPF have a higher risk of subsequent AE-IPF events \[[@CR34]\]. Gastroesophageal reflux is also a risk factor for AE-IPF, as administration of proton pump inhibitors significantly reduces the incidence of AE-IPF \[[@CR13]\]. Pepsin levels, a marker of gastric aspiration, are elevated in BAL fluid from patients during AE-IPF compared with those obtained in stable disease \[[@CR12]\]. Symptomatic reflux may explain a higher risk of AE in patients with asymmetrical IPF \[[@CR35]\].

Several observations suggest that patients undergoing surgical lung biopsy, or even surgical procedures in organs other than the lungs, may be at higher risk for AE-IPF, although distinguishing these cases from postsurgical acute respiratory distress syndrome can be difficult \[[@CR36], [@CR37]\]. The exact mechanism by which surgical procedures may trigger an AE is presently unknown. Patients with more severe disease (particularly with low DLco) or requiring mechanical ventilation seem to be at higher risk of AE after surgery \[[@CR38]\]. There have been case reports of AE-IPF developed after BAL procedure \[[@CR39]\]. However, in a number of those cases, BAL or lung biopsy may have been performed in subjects with an already accelerated course of disease who would be more prone to develop an AE-IPF.

AE-IPF were also observed in patients receiving chemotherapy for lung cancer, during the immediate post-operative period after lung resection for lung cancer, or following radiotherapy \[[@CR40]--[@CR42], [@CR43], [@CR44]\]. AE has been reported in patients with the syndrome of combined pulmonary fibrosis and emphysema \[[@CR8]\], especially during treatment for lung cancer, and following radiation therapy or surgery \[[@CR45]\], with a particularly high risk of death in this population with severely impaired gas exchange. In fact, chemotherapeutic agents can cause acute interstitial pneumonia in subjects without underlying respiratory diseases, with a high incidence in some series \[[@CR46]\].

Clinical, imaging and pathology findings {#Sec8}
========================================

AE-IPF can occur at any time during the course of the disease and may also be the mode of presentation of IPF \[[@CR47]\]. Several retrospective studies evaluated the clinical characteristics in patients with AE-IPF \[[@CR26], [@CR27], [@CR34], [@CR48], [@CR49]\]. The mean age is around 70 years as expected for IPF patients. The great majority of the subjects present with dyspnea and severe hypoxemia, and some with fever. Cough and flu-like symptoms can be present. Medical history should focus on smoking habits, toxic exposure and prescribed medications. Physical findings include tachypnea, cyanosis, digital clubbing, bilateral inspiratory crackles and edema of the lower extremities.

The short-term prognosis is dismal, with a median survival of about 2 months from the onset of the AE \[[@CR27]\]. There is great heterogeneity in the degree of pulmonary functional impairment, time from the IPF diagnosis, need for supplemental oxygen, use of corticosteroids or immunosuppressive drugs prior to the acute event, and degree of hypoxemia at presentation. Many patients show severe respiratory failure and would theoretically be eligible for mechanical ventilation \[[@CR50]\]. On high-resolution computed tomography (HRCT), characteristic findings of AE-IPF are new-onset ground glass opacities or airspace consolidation superimposed on an underlying UIP pattern. \[[@CR51], [@CR52]\] Different patterns have been described, with higher mortality and less response to therapy in subjects with diffuse ground glass attenuation than in those with peripheral or disseminated (patchy) opacities, likely reflecting disease extent rather than distinct pathogenic processes \[[@CR51]\] (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1High-resolution computed tomography of the chest in a patient with AE-IPF. *Upper panel* UIP pattern with basal subpleural reticulation, traction bronchiectasis and mild honeycombing; *lower panel* 2 months later, superimposed ground glass opacities are visible, with architectural distortion

Lung pathology in AE-IPF is characterized by a combination of underlying UIP pattern associated with superimposed acute lung injury with diffuse alveolar damage (Fig. [2](#Fig2){ref-type="fig"}) or organizing pneumonia features \[[@CR52]--[@CR55]\]. In addition to AE-IPF, the pattern of diffuse alveolar damage is observed in patients with adult respiratory distress syndrome (ARDS), a syndrome associated with different diagnoses, most of them from known causes (such as sepsis, pneumonia or trauma), and in idiopathic acute interstitial pneumonia, a distinct entity also characterized by rapidly progressive hypoxemia, mortality of 50 % or more and no proven treatment \[[@CR56]--[@CR59]\]. Survivors of AE-IPF usually have a good long-term prognosis (similar to ARDS survivors), but some experience recurrences or chronic, progressive functional deterioration. \[[@CR59]\].Fig. 2Postmortem pathologic examination of the *right lung* in a patient who died from acute exacerbation of IPF. **a** Macroscopic examination, showing dense, liver-like aspect of the lung, with reticulation on the surface. **b** Microscopic view of the lower lobe showing chronic fibrosis with UIP pattern with honeycombing and cystic changes and diffuse alveolar damage with hyperplastic pneumocytes (H&E stain magnification ×40) (courtesy of Dr Giulio Rossi, Modena, Italy)

Acute exacerbations are an independent prognostic factor in IPF \[[@CR30], [@CR31]\]. More than half of the AE events are lethal, with mortality greater than 90 % in patients requiring ventilatory assistance \[[@CR5]\].

Diagnosis {#Sec9}
=========

The current criteria for AE-IPF can be found in Table [1](#Tab1){ref-type="table"}. The diagnosis requires ruling out various potential causes of clinical worsening, including especially lung infection, pulmonary embolism and left heart failure. Further causes of acute respiratory distress syndrome may be easily identified due to the clinical context \[[@CR60]\].

Chest HRCT is key to assess parenchymal abnormalities as new occurrence of ground glass attenuation superimposed on the underlying UIP pattern. Ground glass attenuation may indeed be a hallmark of the underlying process of diffuse alveolar damage that develops in the setting of the ongoing fibroproliferative process. However, it is not specific for AE-IPF and can be also related to infections. CT pulmonary angiography is the gold standard for diagnosing pulmonary embolism and should be performed in the workup of any IPF patient with unexplained rapidly developing respiratory failure to rule out pulmonary embolism \[[@CR61]\].

Ruling out infection in patients with suspected AE-IPF is challenging \[[@CR62]\]. AE-IPF may follow a genuine episode of infection and some temporal overlap between the two conditions may occur. Attempts should be made to identify bacteria, opportunistic pathogens and respiratory viruses in respiratory samples, keeping in mind that negative microbiology does not exclude a possible infection. Noninvasive molecular methods, including urinary antigens for *S. pneumoniae* or *Legionella* as well as blood cultures and sputum cultures, are generally indicated. Performing bronchoscopy and bronchoalveolar lavage can be useful to exclude other causes of acute respiratory failure, especially infection. It is often difficult or impossible to perform due to severe dyspnea or acute respiratory failure and does not yield the diagnosis of AE-IPF itself. Therefore, the benefit:risk balance of bronchoscopy must be carefully evaluated at an individual level. The diagnostic approach of AE-IPF, and particularly the most appropriate algorithm to rule out infection and diagnose AE-IPF early, is a topic of review at the international level to provide better guidance to clinicians.

Transthoracic echocardiography is definitely useful to exclude congestive heart failure as a possible cause of acute clinical deterioration and may reveal indirect signs of pulmonary hypertension.

Although open-lung biopsy could secure the diagnosis of AE-IP as described above, it is contraindicated in most cases when AE-IPF is the suspected diagnosis \[[@CR53]\]. Open-lung biopsy might be considered following careful benefit:risk assessment in subjects requiring mechanical ventilation and once intubated, when other diffuse parenchymal lung diseases have not been yet ruled out and when preexisting IPF had not been diagnosed prior to AE. In these cases, a UIP pattern is discovered at lung biopsy along with diffuse alveolar damage or an organizing pneumonia pattern \[[@CR47]\].

There is only very limited evidence regarding the best diagnostic approach and severity assessment of AE-IPF; nevertheless, it is conceivable that diagnosing AE-IPF at a very early stage might allow a better workup of all the diagnostic procedures and result in an improved outcome. Therefore, a timely and accurate approach with HRCT is warranted in all patients with IPF with rapid worsening of dyspnea. This may also allow a better understanding of the natural course of AE-IPF (see Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Proposed diagnostic algorithm for acute exacerbation of idiopathic pulmonary fibrosis. (Modified from \[[@CR14]\])

Management {#Sec10}
==========

Potential preventive strategies for AE-IPF {#Sec11}
------------------------------------------

As recent trials have demonstrated the efficacy of two antifibrotic drugs to reduce the decline in lung function in patients with IPF, there is hope that new treatments for the chronic progression of IPF will also translate in reducing the occurrence of AE-IPF. Indeed, nintedanib, that acts as a triple tyrosine kynase inhibitor, is able to reduce the annual rate of decline in FVC in patients with IPF, and FVC greater than 50 % of predicted value and carbon monoxide diffusion capacity comprised between 30 and 79 % of predicted, and increases time to the first adjudicated AE-IPF, in a pre-specified sensitivity analysis of pooled data \[[@CR23]\], consistent with earlier findings \[[@CR22]\] and providing proof-of-concept that drug therapy can prevent this deadly event. In a double blind, randomized controlled trial evaluating pirfenidone versus placebo, AE-IPF events occurred exclusively in the placebo group, prompting early termination of the study \[[@CR63]\]. The number of AE-IPF or time to clinical worsening including AE-IPF was not significantly different between patients receiving pirfenidone or placebo in phase III trials, although pirfenidone significantly reduced the decline in FVC over time and improved survival at 1 year \[[@CR64]--[@CR66]\]. In future, therapeutic strategies that protect the respiratory epithelium should be evaluated \[[@CR18]\]. Gastroesophageal reflux should be treated very actively, even if asymptomatic; clinical trials are needed to evaluate whether treatment of reflux may reduce the risk of AE-IPF.

Current therapeutic approaches {#Sec12}
------------------------------

Currently, there is no treatment with demonstrated efficacy for AE-IPF, and therefore no evidence-based management strategy. This is in part due to the lack of a consistent approach to AE-IPF based on pathogenesis, as well as to the lack of randomized controlled trials, which are challenging to conduct because of unpredictable onset and rapid worsening \[[@CR67]\].

However, most groups use high-dose corticosteroids, following international guidelines and based on expert opinion (weak positive recommendation), with no recommendation on what type, dose and duration of steroids should be used \[[@CR1]\]. Immunosuppressive therapy may be combined with corticosteroid pulses in severe cases, yet with no clear evidence of efficacy. When used, immunosuppressive therapy generally consists in intravenous pulses of cyclophosphamide \[[@CR68]\]; cyclosporine or tacrolimus is sometimes preferred to cyclophosphamide, based on small studies from Asia suggesting improved survival \[[@CR40], [@CR69], [@CR70]\].

Anticoagulant therapy, which was suggested to improve survival in patients with IPF partly due to an effect on AE-IPF, eventually proved to be deleterious and should not be used to treat this condition \[[@CR25], [@CR71]\]. Alternative strategies to target activation of the coagulation cascade include the administration of recombinant human thrombomodulin, which in a retrospective study shows encouraging results \[[@CR72]\].

Overall, evidence is currently lacking to support any particular drug in AE-IPF.

Several small studies have suggested a potential beneficial effect of polymyxin B-immobilized fiber column (PMX) hemoperfusion treatment in patients with AE-IPF, possibly through the adsorption of proinflammatory, profibrotic and proangiogenic cytokines onto PMX \[[@CR73]--[@CR79]\]. Although most of these studies suffer from retrospective noncontrolled design and heterogeneity, they support the hypothesis that extracorporeal techniques might be beneficial. Further studies are currently ongoing using plasma exchanges in patients with AE-IPF, in combination with corticosteroids and rituximab ([www.clinicaltrials.gov](http://www.clinicaltrials.gov), NCT01266317, NCT01524068.)

Due to the difficulties in differentiating (idiopathic) AE-IPF from bronchopulmonary infection occurring in the course of IPF with potential overlap, broad-spectrum antibiotics are often administered in subjects with acute worsening of dyspnea \[[@CR80]\].

Many AE-IPF patients develop acute respiratory failure. The outcome after mechanical ventilatory support, if used, is dismal. Because the vast majority of these patients will die in the intensive care unit or during the follow-up period, a decision not to intubate is generally taken, especially when infection and potential confounding factors have been ruled out \[[@CR27], [@CR81], [@CR82]\]. However, a small subset of patients might be eligible for lung transplantation, and in this case a more aggressive approach in the intensive care unit can be considered \[[@CR83]\]. Interestingly, extracorporeal membrane oxygenation (ECMO) was able to be used successfully as a bridge to lung transplantation in 11 patients with acute respiratory failure refractory to all other interventions \[[@CR84]\]. In this retrospective study, ECMO was used for a mean of 17 days (range 2--56 days); nine patients were transplanted, out of whom eight were alive 1 year after transplantation. Such encouraging experience highlights how organization of care and early inclusion on the transplant list of potential candidates are paramount to offer this potentially life-saving intervention in the event of AE-IPF.

Palliation of end of life secondary to AE-IPF {#Sec13}
---------------------------------------------

No studies are available for end of life care in IPF and AE-IPF. Current approaches are extrapolated from other end-stage conditions, such as lung cancer and end-stage respiratory failure. This is even more important considering that most of the AE-IPF patients are not sedated and intubated, and therefore they and their relatives are exposed to dramatic and painful symptoms and experiences.

Palliation of dyspnea and anxiety is generally managed with opioids and benzodiazepines; respiratory depression is obviously a problem and therefore an open discussion with patients and relatives is mandatory to explain the aims of palliation, as recently demonstrated by an ongoing discussion in the UK on end of life treatments \[[@CR85]\]. Also, management of cough is important, using various types of drugs to palliate this symptom.

Limited data are available regarding noninvasive mechanical ventilation using spontaneous/timed mode or continuous positive airway pressure (CPAP) mode, but it might be useful to palliate shortness of breath \[[@CR50]\].

A summary of the management strategies potentially useful in various stages of AE-IPF is available in Table [2](#Tab2){ref-type="table"}.Table 2Management of AE-IPF patients**Pharmacological strategies** **Potential preventive strategies for AE-IPF**  Nintedanib  Other antifibrotic drugs (pirfenidone)?  Treatment of gastroesophageal reflux  Lifestyle general recommendations (avoid smoking and exposure to pollution, prevent reflux, prevent occupational exposure) **Considered therapeutic approaches**  High-dose systemic corticosteroids (expert opinion)  Immunosuppressive treatment: cyclophosphamide, cyclosporine or tacrolimus (considered by some authors, absence of evidence)  Broad-spectrum antibiotics (differential diagnosis)**Nonpharmacological strategies** Polymyxin B-immobilized fiber column (PMX) hemoperfusion (under evaluation) Noninvasive or invasive mechanical ventilation (in highly selected patients) Extracorporeal membrane oxygenation (ECMO) (in highly selected patients as a bridge to lung transplantation) Lung transplantation (in most cases in patients already listed for transplantation for IPF)**Palliative treatment** Opioids Benzodiazepines Management of cough Fluid and nutritional replacement, if indicated Noninvasive ventilation to reduce shortness of breath

Conclusion {#Sec14}
==========

Although significant progress has been made recently to better evaluate disease progression in IPF, AE remain unpredictable, causing a rapid deterioration of dyspnea and lung function, with high risk of death and associated significant psychological distress for patients and relatives. Despite progress made in awareness of physicians regarding this dramatic event, diagnosing AE-IPF remains challenging; especially, boundaries between (idiopathic) AE-IPF and infection are still unclear and require further studies to highlight the best flow charts for diagnostic and clinical management. Furthermore, management is complicated by the lack of an effective pharmacological treatment. The current approaches are based on empiric attempts, and some similarities to ARDS.

Conducting clinical trials in AE-IPF is a challenge that now needs to be addressed. Relatively few AE-IPF events were observed in recent IPF clinical trials, indicating that a very large sample size is required to capture a potential reduction in the incidence of AE-IPF in subjects receiving antifibrotic agents aiming at reducing chronic disease progression. However, studies can be conducted to specifically evaluate therapeutic approaches in patients who present a confirmed episode of AE-IPF. Large networks of patients and clinicians will be needed to assess the efficacy of therapeutic interventions, taking into account the influence of confounding factors.

Better guidance to physicians is needed to adapt investigations and criteria to the often severe manifestations that limit diagnostic procedures. International guidelines are currently under revision, with the aim of providing more realistic diagnostic criteria based on noninvasive procedures and account for current limitations in diagnosis and management \[[@CR86]\].

The development and validation of biomarkers has been a long-standing objective in the field, which remains an area of research. Biomarkers may contribute to various aspects of the disease course, including early diagnosis, assessment of rate of progression of disease, differentiation between infection and idiopathic disease or prediction of response to therapy.

Improvement in our understanding of the etiology and epidemiology, preventative measures of potential risk factors and clinical predictors are needed. As some novel drugs especially tyrosine kinase inhibitors targeting the epidermal growth factor receptor (EGFR) are associated with high risk of ILD exacerbation, clinicians should exert particular scrutiny when using them. A wide spectrum of new biological drugs is entering clinical practice in oncology; IPF correlates with an higher risk of developing cancer: whether the next antitumoral agents increase the risk of exacerbation is unknown. Continuous post-marketing surveillance is needed to detect potential effects of new drugs on the natural history of IPF. Acute exacerbations of IPF (and of other ILD) is one of the challenges in the years to come for doctors working with this difficult group of diseases. It is the goal of clinical researchers in the field to provide tools and possibly evidence-based guidance to identify therapies for preventing or treating AE-IPF.
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